Abstract: Nanoparticles of platinum-group metals (PGM) on carbon supports are widely used as catalysts for a number of chemical and electrochemical conversions on laboratory and industrial scale. The newly emerging field of single atom catalysis focuses on the ultimate level of metal dispersion, i.e. atomically dispersed metal species anchored on the substrate surface. However, the presence of single atoms in traditional nanoparticle-based catalysts remains largely overlooked. In this work we use aberration-corrected scanning transmission electron microscope to investigate four commercially available nanoparticle-based PGM/C catalysts (PGM = Ru, Rh, Pd, Pt). We show that in addition to nanoparticles, single atoms are also present on the surface of carbon substrates. These observations raise questions about the role that single atoms play in conventional nanoparticle PGM/C catalysts. We critically discuss the observations with regard to the quickly developing field of single atom catalysis.
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Understanding similarities and -more importantly -differences between supported single 74 atoms and nanoparticles and how they behave towards the same reaction is especially important 75 when both species coexist in the same catalyst material. In SAC community, a lot of effort is being 
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The main role of carbon support in PGM/C catalysts is to enable high dispersion of the metal is dispersed in the form of nanoparticles with the average size of 1.3 and 1.2 nm, respectively.
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Crystalline particle of this size cannot be detected on XRD patterns. Narrow peaks observed on the 
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It is well known that irradiation by the electron beam in STEM can cause structural damage to 216 cannot be expected to display similar activity for a given reaction than clusters or nanoparticles.
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They may, however, strongly influence the properties of the material in other ways. 
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The first step towards addressing all the raised questions is to understand the nature of the 234 atomic species, i.e. is their electronic structure and type of bonding with the support. to find atoms that appear to be imbedded in the plane of graphene sheet (square in Figure 6 ). This is 
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Materials and Methods
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Four commercially available PGM/C materials were investigated, namely Ru/C (5 wt.% Ru, 257 258
